Rabies is an infectious contagious disease of mammals present in all continents except Oceania. It is caused by a Lyssavirus and characterized by acute fatal encephalitis. It is considered endemic in Brazil and transmission to herbivores occurs mainly via vampire bats. The purpose of this study was to evaluate the incidence of bovine rabies in the state of Minas Gerais, as well as the diagnostic methods, applying the time series to analyze trend and seasonality in order to adjust a model to disease in cattle. Between 2002 and 2006 , nervous tissue samples were obtained from deceased bovines presenting neurological symptoms and clinically suspected of rabies. The direct fluorescent antibody test (FAT) detected 40.38% (1,293/3,202) In Brazil, the establishment of guidelines for the control of rabies of herbivores is performed by the Ministério da Agricultura, Pecuária e Abastecimento (MAPA) (Ministry of Agriculture, Cattle Breeding and Provisioning), while for urban rabies (dogs and cats) control is carried out by the Ministério da Saúde (MS) (Health Ministry).
In Brazil, the establishment of guidelines for the control of rabies of herbivores is performed by the Ministério da Agricultura, Pecuária e Abastecimento (MAPA) (Ministry of Agriculture, Cattle Breeding and Provisioning), while for urban rabies (dogs and cats) control is carried out by the Ministério da Saúde (MS) (Health Ministry).
In cattle, infections of the central nervous system (CNS) include a group of important diseases, however only rabies is responsible for annual losses of around 50 million US dollars worldwide (King; Turner, 1993) .
Only in the beginning of last century bovine rabies was described in Brazil (Carini, 1911) . Historically, its distribution and determinations were influenced by economically induced changes in the agricultural space.
Rabies is an important zoonotic viral disease to livestock and public health in Brazil, it is estimated in approximately 850,000 heads the annual loss of cattle due to rabies, approximately equivalent to 17 millions of US dollars (Lima et al., 2005) .
Clinical observation may only lead to a suspicion of rabies because signs of the disease are not characteristic and may vary greatly from one animal to another. The only way to undertake a reliable diagnosis of rabies is to identify the virus or some of its specific components using laboratory tests. The most widely used test for rabies diagnosis is the fluorescent antibody test (FAT), which is recommended by both WHO and OIE, and is sensitive, specific and cheap (Oie, 2011) . The isolation of the rabies virus, through mouse inoculation test (MIT), confirms the results obtained by other techniques, although its use is expensive and slow (BOurhy; Sureau, 1990) and detects the infectivity of a tissue suspension in laboratory animals. It should be used if the FAT gives an uncertain result or when the FAT is negative in the case of known human exposure (Oie, 2011) .
Rabies in herbivores in Brazil is determined mostly by the presence of the vampire bat. Bovine and equine may be included among the animal species most affected by the vampires (PeixOTO et al., 2000) .
The techniques for herbivore rabies control are based on anticoagulant drugs (selective direct and indirect methods) and were developed according to the biology, habitat, range of action, feeding behavior, social organization and specific behavior of the vampire bat. The low reproductive rates (7 months long pregnancy with production of a single offspring per year) favor population control of this species (BraSiL, 2005) .
The Programa Nacional de Controle da Raiva dos Herbívoros (PNCRH) (National Program for Herbivore Rabies Control) is aimed at lowering the prevalence of the disease in domestic herbivores populations. Its strategy is based mainly on epidemiologic surveillance, targeted vaccination of domestic herbivores and control of the vampire bat Desmodus rotundus (BraSiL, 2002) .
In developed countries, the seasonal adjustment of time series has long been incorporated as an official practice, particularly after the advent of computerized techniques (ariTa; DiaS, 2000). However, the adoption of a large scale adjustment technique should be carefully elaborated in developing countries such as Brazil, which are frequently exposed to strong structural and conjunctural changes (hOTTa, 1988) leading to irregularities that may compromise adjustment employment and results (Dagum, 1978) .
The purpose of this study was to evaluate the incidence of bovine rabies in the state of Minas Gerais, as well as the diagnostic methods, applying the time series to analyze trend and seasonality in order to adjust a model to disease in cattle.
The samples of animals clinically suspected of rabies were collected by official and self-employed veterinarians in all 853 municipalities of the state of Minas Gerais.
Central Nervous System (CNS) samples of cattle were analyzed by direct fluorescent antibody test (FAT) and mouse inoculation test (MIT), the latter was used in all samples that were negative on FAT.
The FAT test detects viral antigens in the brain using labeled fluorescein as rabies virus antibodies. FAT is considered the gold standard for diagnosing rabies in fresh specimens. The mouse inoculation test (MIT) is traditionally used as a quality control method for FAT.
These analyses were performed at the Laboratório In this study, the statistical analysis was performed monthly along the time of positive results counting within the aforementioned timeframe, characterizing a time series. The extraction of the regularities contained in noticeable phenomena of a time series enables the construction a mathematical model like a simplified representation of reality, once there are various possible methods for the study of a time series and characterization of trend and seasonality, when pertaining. Another important factor is that time series studies are used for variables which are self-correlated, that is, those that are correlated with themselves along time.
The ShaPirO; WiLK (1965) test was used to verify the hypothesis of residual normality and to allow the use of the methodology of Box and Jenkins. The Cox-Stuart signal test (mOreTTin; TOLOi, 2006) was employed to verify the significant existence of a trend and parameters of the linear model was adjusted to represent it. The linear model was used to establish a trend, that is, if a statistical significance was observed in the linear model there was a trend.
The Box and Jenkins' statistical model was selected among current classes of models that are considered adequate for this representation. Following formulation of the model and estimation of its parameters, it was employed to test the hypothesis concerning the generating mechanism of the stochastic process (times of greater incidence of bovine rabies) and to predict future values of the time series.
The Fisher Test proposed by PrieSTLey (1989) was employed to test the occurrence of seasonality, with the level of significance set at 5%. The Statistica software (5.1 version from 1996) from Statsoft ® was used and the following statistical model was created:
y t = T (t) + S (t) + a (t) where: T (t) = effect of trend, characterized as a gradual increase or reduction of the observations along a period of time; S (t) = effect of seasonality, characterized by the presence of repetitive periods of less than one year; a t = random component considered a white noise.
The Box and Jenkins' model shapes the random component and if it is not considered a white noise in the Box and Pierce test (PrieSTLey, 1989) , an SARI-MA (Seasonal Auto Regressive Integrated Moving Average: p, d, q) must be adjusted, where p is the parameter of self-correlation, d the parameter of the difference, and q the parameter of moving averages. For the adjustment of the model the parameters were defined using correlograms.
Between January 2002 and December 2006, 3,202 direct fluorescent antibody tests (FAT) were performed for diagnosis of bovine rabies in the state of Minas Gerais and can be seen in Table 1. between 1976 and 1997 in Minas Gerais (SiLva et al., 2001 ) and between 1970 and 2001 in Goiás (Jayme, 2003) , when the number of cases increased progressively and is coincident with the marked reduction in the number of cases of bovine rabies in Brazil (areLLanO-SOTa, 1988) and in the State of São Paulo (TaDDei et al., 1991) due to the control measures implemented. However, the temporal periods of analysis and the human and financial resources allocated according to the budget of each state must be considered (SiLva et al., 2001) .
In the present study no seasonality was observed, as opposed to reports from Minas Gerais (Luz, 1988; SiLva et al., 2001 ) and in São Paulo (TaDDei et al., 1991) , where the number of positive diagnosis increased between April and August and decreased between September and March.
In 2002 16% in 2006 (4/345) . This variation may be related to the efficiency of FAT which depends on factors such as: state of the sample when it is received at the lab, quality of the conjugate, equipment, training of technicians, and others.
The adjustment of the model SARIMA (0,1,1) (0,0,1) 12 of Box and Jenkins allows checking for residues of white noise. With this model, a seasonal variation and a trend were evidenced. A forecast for the last 12 months was made and is shown in Figure 1 , together with the confidence interval of 90%.
The seasonality was not confirmed by Fisher's test (5%) but the trend was significant (5%). For the analyzed data, the adjustment of the SARIMA model was applied using two estimated parameters and one discrepancy difference to eliminate the trend. The parameters were q = 0.84702 (0.10765) and Q = -0.4863 (0.15308). The trend could be demonstrated using a linear model y = 26.75 -0.1427t, with standard error 1.47 and 0.04199, respectively. Thus, a decreasing trend was characterized and in every month there was a reduction of 0.14 positive cases per month. The model adjusts for a 12 period seasonal effect. By using this model, a forecast for one year's period could be made, with the respective confidence limits of 90% shown in Figure 1 .
There was a decrease in the number of cases of rabies in cattle between 2002 and 2006, with an average of 0.14 cases per month. The time series model characterizes a 12 period seasonal effect, which means that there was a self-correlation effect with a delay of 12 months. SARIMA (p, d, q) (P, D, Q) 12 was chosen for the adjustment of the model as it shows the significance of the seasonal effect parameter. This effect was observed even without seasonality because there was significance in lag 12 of the self-correlation function. The process was used for an additive model.
The number of positive diagnoses of bovine rabies decreases between 2002 and 2006 (p = 0.0339), except in 2005 when an increase in the number of cases was observed. This is opposed to the situation observed
